INTRODUCTION
Inductively coupled plasma-mass spectrometry (ICP-MS) is ideally suited for the rapid and simultaneous analysis of multiple elements in geological materials, including soils, organic substances and most rock types (Eggins et al.,1997; Longerich et al., 1990; Jenner et al., 1990) . The application to clay minerals is more recent (Jain et al., 1994) . This technique is highly sensitive, and is capable of analyzing a wide range of isotopes covering the entire mass spectrum.
Consequently, ICP-MS is used to measure directly rare earth and platinum group elements at ppb levels without preconcentration.
Commercial ICP-MS instrumentation was introduced in 1983. Since that time it has become an acceptable tool for geochemical analysis. Like most analytical techniques, however, accurate and precise quantitative measurements require special considerations. For example, mass-dependent matrix effects, mass spectral interferences, and drift must be monitored closely and corrections applied to the data to obtain quantitative analyses. Also, this is a solutionbased technique, and therefore solid samples must be digested. Quantitative results require the use of external calibration standards and results can be monitored by analyzing reference materials.
INSTRUMENTATION AND METHODS

Microwave digestion
Samples and a geochemical reference material (USGS G2) were digested in a CEM MDS-2100 laboratory microwave system using a procedure optimized to reduce HF (Lewis and Bruns, 1997) . This method has several advantages over traditional microwave digestion methods because it utilizes significantly reduced quantities of HF. This allows for elimination of the neutralization step, requires less dilution, and improves elemental detection limits.
The method consists of placing 0.100 g of ovendried material into a lined digestion vessel together with 250 L HF, 2 mL HCl, 2 mL HNO 3 and 2 mL H 2 O. The microwave is then heated in three incremental steps to bring the samples completely into solution. 
ICP-MS
Abundances of 32 trace and rare earth elements (REE) were determined using a VG Elemental PlasmaQuad II Plus ICP-MS (Table 1) . Each sample was digested three times and loaded randomly in the autosampler. This approach was taken to monitor for, and to minimize the effects of, instrumental drift. Average abundances were calculated from the three digestions.
The samples were spiked with internal standards (In and Bi) to correct for matrix effects, and multi-element synthetic external standard solutions were used to make calibration standards for full quantification. Some Al and Si were added to these standard solutions to match the matrix of the digestates and decrease the effects of interferences. Calibration curves were generated for each analyte using a blank and three standard solutions of varying concentration. Table 2 lists the instrumental operating parameters.
RESULTS
Reference materials
To evaluate the quality of the data, a certified reference material (USGS G2 granite) was analyzed and compared with published values (Table 3) . For the majority of elements, the measured and recommended values are in close agreement, and the measured values are generally within 2 of the recommended value (Table 4 ). Notable exceptions are Zn, Ga, Mo, Cd, Ba, Eu, Gd, Er, Tl and Pb. Interferences (Table 1) and suppression in particular may account for some of the poor results. The Zn, Ga, Cd and Ba were excluded in the final data set owing to the questionable reliability of these data. The remaining elements were included because, although the mean concentration measured for these elements does not fall within 2 of the recommended value, they are typically very close to 2. Chemical analysis by ICP-MS 
Trace-element chemistry
Trace-element chemistry for each Source Clay is reported in Table 5 . Concentrations are given in ppm and represent the mean calculated from three digestions. Results from two separate sets of digestions for PFl-1 are also included.
REE chemistry
The REE chemistry is reported in Table 5 and in Figures 1 and 2 , where the data are normalized to chondrites and the North American Shale Composite (NASC). Plots were prepared for the six source clays having REE abundances greater than the detection limit (3 above background).
Normalization reveals subtle enrichments and depletions of elements and groups of elements. This information is useful for understanding clay mineral genesis. For example, SWy-2, which is a Na-rich bentonite from Wyoming, has a pronounced negative Eu anomaly. This REE pattern was probably inherited from the silicic glass that altered to form the benton-Chemical analysis by ICP-MS ite (Elzea et al., 1990) . Negative Eu anomalies occur in silicic magmas because feldspar and apatite crystallization preferentially removes divalent Eu over trivalent REE, which leaves the melt depleted in Eu. Generally, clay minerals formed in equilibrium with seawater have low total REE concentrations, a deple-tion of Ce, and an enrichment of heavy REE relative to the light REE (Piper, 1974) . The negative Ce anomaly in most seawater is attributed to oxidation of trivalent Ce to the highly insoluble quadrivalent state, and its subsequent precipitation in ferromanganese nodules.
